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PARAMETRIC STUDY CF OVERSIZED

RECTARCULAR WAVEGUIDES AND H~GUIDES
by . J. Tischer

Trhe effects of the crossg-sectiorgl geometry on the attenuation due to
wall losses of oversized rectangular waveguides and H-guides is considered
By properly chosen normaglizations, the deperdence on width, height, oversize
ratio AE/}F and aspect ratic a/b are determired, optimum geometries found,
and the data displayed ir diagram form. The attenuation of an H-guide with
infinitely thin dizlectric slab with infinite permittivity is compared with
that of the parsilei-wall guide as reference. It is found that the dielectric
slab reduces ths attenuatiorn due tc wall lcsses by a factor depending primarily on
the rate of the exponertial decay of the fields in the alr space. The approach

of derivation permits showing clearly the causes of the decreased attenuation.
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/ I. INTRODUCTION

The application of oversized waveguides in the millimeter-wsve region
offers attractive solutions of problems of energy trsnemiscion and circuit
deeign in this frequency range, Overcized waveguides, in contrast to
standard-size guides have considerably reduced attenuation, high power
carrying capability before breakdown, and cross-sectional sizes suitadbly
augmented for practical design, The zimultaneous transmission of higher-
order modes on the other hand represents a dissdvantage which, due to a lack
of experience in design and operation of practical systems csnnot be properly
assessed, Careful design snd application of mode filters are expected to
eliminate major effects of higher order modes,

It is the objective of this paper to present results of a study of

minimizing the attenuation due to wall lesces of oversized waveguides,
Rectangular waveguides with TE waves and H-gnides excited in the low-loss
hybrid mode are considered. There exists a considerable amount of literature
on the attennation of waveguides with the publications dealing wostly with
standard-size waveguides carrying the fundamental rode (1-9), with the
frequency dependence of the attenuation (1, 3, 8, 9), with the various modes
which can be excited, and with their cutoff frequencies {4, 8, 9). In the
present paper emphasis is placed on showing how the cross-gsectional geometry
affects the attenuation of overszized guides »t a given frequency. The results
show what geometry gives minimum attenumtion.

As a first step, general dependences of the attenustion on the dimensions
are considered; then the normalizsticn iz changed t¢ permit optimization.
An oversize ratio OSR = A2/7k2 given by the ratio of cross-sectional =reas

divided by the square of the operstion=]l wmvelengtn is introduced as & basis
1% £




for the optimization., The attenuation of the H-guide is considered next under
assurmption of an infinitely thin dielectric slab with the cross-sectional

distribution of the perrittivity in the form of a Dirsc delta function.

II, GENERAL RELATIONSHIPS

The attenuation of waveguides with arbiirary crozs-section due to wall
losses can be derived frem the field distribution computed under assumption of
perfectly conducting walls, At miilimefer waves tne relationships become more
complicated due to the effects of the structure of the surfsces as shown in
the literature (6). These\effects will bHe disregsarded in the present analysis.
The attenuation is usually derived from the magnetic field intensities adjacent
to the conducting walls which in combinmtion with the surfsce resistance yield
the dissipated power per unit length mnd from the cross-sectional distribution

of its transverse component which gives the power carried vy the waves aleng

the guide. The corresponding equation fer irsncverse electric (TE) waves is (2)

de 2 \Z«ka ( Z
Rs kzz.fd [-d-s_] das + (‘/ Z)JC‘ HZ 013
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# f (Vthz){d
A

) (1)

where Hg is the longitudinal component of the mmgnetic field intensity, ‘75H2
and its transverse gradient, k and z are the propagsation constant and imped=ance
of plane waves in the medium of the guide, kz the guide wavelength, and Rs is
the surface resistance, The latter is relasted to the skin depth and given by
OJ{! . -2
Rs = = | 452 x 97 ] . (2)
26~ pLom]
Copfrer

The quantities in this equation =are the operational frequency &Jj, the permeability

- <= . . : : .
AL the conductivity O , and the wavelengih ?' o The intsgraiions in Eq., (1)
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Fig.l. Geometry of the oversized waveguide.
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(3)

are carried out aleng the boundary C and cver the cress-section A,
For a rectangular wavegunide with its geometry shown in Fig. 1, the

attenuatioeon constant becomes

a2 i T
o = 2 Rs ( ™M ) o b ocmmm K2 | (3)
. kz Q. QL 2 h J

The derivation shows that the first term in the brackets is the result of the
lengitudinal cemponent Hz only while the secgend %term results frem both, the

lengitudinal and transverse cemponenis. Thiz s confirmed if we let & and ®

m

alternatively approach infinity. if a«#»ao) we obtsin s parallel-strip line
with TEM waves and with only s transverse component of the mmgnetic field
intensity. The electric field intenzity vecter stands perperdicular te the

walls, The attenuation becomes

R
QA —» oo o . F =

- z

in

(ba)

s

k;;T,l

We observe that the attenuatien increszes with the squ=re rost of the frequency

due to the frequency dependence of Rs'

If v appreaches infinity, the atteruation i
Yoo 1 Ay = RS Swwy o, ()
TR Y

The guide is new a parsliel-strip line with the eleztiric field vecter parallel
te the walls and the longitudinal cewponent &f the memgnetic field intensity
contributing te the wall lesses, Transformed inte & mere convenient form,

the equatien becomes for m=1

N T oo ! (5)

where the second fractien rapresents s facter which indicmtes the change of the

attenuation if the field configuration is shesnged in a parsliel-strip line frem



()

TEM waves (Eq. 4a) te TE waves with E parsllel to the walls, We ebserve that
the attenuation new decreases with 1/ _';$/2 and that overcize conditions eof spacing
between the walls reduces the attenuation censiderably rere than in the fermer
case of TEM waves when E was perpendicular te the wails, Comparisen with the
loew-less wave mede TElO for the circular guide shews that the frequency dependence

of the attenuatien in beth cases is the sanme,

FPIRST TYPE OF NORMALIZATION

In this section the attenuation mccerding te¢ BEq, {3) is censidered in
detail fer finding hew increases of the dimensions aiternaiively in the x and y
direction affect its magnitude, Twe parameters §= Alo. and n-= Alb
are introduced which are inverse prepertienal te the width =and height
respectively and nermslized with respect te A. Equation (3) is then medified

accerdingly te shew the dependences on these parameters, We find

,  pe2(g)E°
d’= Y\ % 2,
V1 - (5)"¢

LY P A
o' = o NN T

) (6)

where

The resulting relsatienships are illustrated graphically in Fig, 2 The
dimgram shows the nermalized attenuatien u,/ as & frrction eof § with the mede
number ynn as parameter fer 4 values eftf.g which indicate the height, The
attenuatien appreaches terminal values fer incressing width ( §—>O) which
represent the attenuatien ef the parallel.strip line with TEM waves., TFeor
decressing width (increasing?), the attenvation increases steadily and approache s

infinity at cuteff when the denominater gess te zere, The secend term in the

/
numerater of Eq. (6) i= respeonsible for the basic dependence of ¢ eon é .
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The attenuation incresses with incresasing mede number of the higher-erder waves
readking very large values near cuteff ef esch one, Trhis mey be an advantage

for leose mede coupling since it may reduce resenmuce aifects involving higher-
erder medes, It may camuse on the ether hand cousiderable transmission lesses in
the cace of strong ceupling. Modemcoupling effects are hence very impertant

in eversized waveguides,

The dependence en the height ef the guide is gziven by the linear
relatienship with'q expresced by the five: term in the numerater of Eq, (6),
which in the diagrams cauges o te meve upward btewsard higher wslues, With
increasing height,‘n approsches zere snd df mngsumes & limiting value which

coerresponds te the attenuatien ef the parailel

43

v line with the E field

fbe

35

7

parallel te the walls,

The relatienships c¢can be instructively illiustraled by three-dimensienal
diagrame. fer which Fig., 3 shews an example for m=1, The attenuatien is in-
dicated by a surface where the verticsl distense «f #2ch peint frem the f}‘)?-

[ 3 / o - od 3 s
plane indicatey o as a function af § And ’vz Such surfsaces can be determined
for each wave number representing one wave wade, Linez of constant sattenustien
can alse be inserted which additienally illustrmte the shape of the surface,

‘hle t8 min‘wize the sttenuatien

¢

The basic shape suggests that it zesms pes
after cheesing a suitable guantily ss besis for the eptivizatien. Such =
quantity is a censtant preduc: ofgb

)

ﬁ' wninh is the ratic of the wavelength

sTam Thiv guantity represente &

o
(€]
et

=

squared divided by the cregs-s2ctions

messure fer the eversize dimensiensz ef ithe gulde and its reciprecal wvalue will

be called "eversize ratie" (OSR), In ths disgram ef ¥ig, 3, the cerresponding

-~ 9

sttenumation is feund en the surface fer a particviar value ef m ms the intero

section with & vertizal cylinder given by % f = zonsymnt,



(6)

MINIMIZATION OF ATTENUATION

A secend type of medification ef Eq. (3) which permits eptimizatien ef the
attenvatien is based en intreductien of the previeusly discussed eversize ratie,

The fellewing subititutiens are msde,

& 2
(m/2)* (ATA),
a/b,

P
9

The first parameter centains the eversize ratie, OSR = Az/'ﬁz, and the mede

1]

number m; the secend is the aspect ratie, where q_>>1 indicates » wide guide
with lew height and q <:l a narrew tall guide,

Substitutien inte £q.(3) yields s nermmiized smttenuatien

s Vpg trle” (7a)
= ) a
V1-r/q

which is related te the astual attenusatien o dy

li 2 Rg
® = ol ?ﬁm (70)

Fer a given wave mede, oc%Jpends en the eversize ratie and geometry enly. The
relatienships ef Eq, (7a) are shewn in diagram form in Fig. ﬁ'f.r a wide range
of the parameter p. The diagram indicates that the sttenuatien can be
minimized requiring a different eptimum aspect ratie fer each value of the
eversize ratiea and mede number,

The minimizatien by differentiatien leads te

o[ e -2pa” - bpq + 4pt]
9
and te

qs‘ Z$qz-épq + szzﬂ . (8)
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Fer large values of eversize ratie, a sivple appreximstien can be ebtained

2
A [(2)], 2 A )

O = Wi 3 ;;ETZz

which gives the fellewing equatien fer the eptimized attenustien ef eversized

3
2.09'9 /‘f . (10)

waveguides, p
'S
Xpin & e
ZAwm
Fer mere accurate cemputatiens, Eq. (8) can be zimply selved fer p in terms of q.
The results indicated in Fig. 4 shew that the minims ef the attenuatien
are cemparatively shallew and that ne drastic changes of the sttenuation are
cauged by changes of the aspect ratie tewsrd grester width eof the guide.
The effects of such changes TDeceme mere preneunced, hewever, st incressed
eversize raties by increasing the cress-sectienal sres of the gulde, Censidering
higher-erder wave medes, we ebserve that the minimum sttenuatien incresces

with increasing wmede number,

BE-GUIDE WITH ZERO - THICKNESS

DIELECTRIC SLAB

Studies of the H-guide &nd groseve guide have zhewn that these guides have
netably reduced attenuatien in cerparisen with the rectsngular standard guide
witg equal width, This raiszes the questien whether this is alse true in the
case of eversize waveguides, Particularly interesting and impertant is the
follewing mere specific question: If we have s parailel-wall guide of given
eversize width, disregard the vupper and lswer epenings, and cempare its
sttenuatien due te wall lesses with that ef an eversized Hoguide with equal
width disregarding again the upper =sni lewer epenings and the dielectric lesces,

pew de the values eof attenusbien cempare, If they are equal, the spplicatien



of the H.guide cencept effers ne adrantage under eversize cenditiens. If the
H-guide has reduced attenusatien, further studies of sucn guides and greeve guides
are necessary feor determining their charscteristics under these cenditiens,

A useful appresach fer the cerpariszsen censists ef assuming an H-guide
with an infinitely thin dielectric slab where the permittivity distributien in
directien parallel te the wmlls fe'lews a Dirsac delta functien. This eliminates
the preblem of the dielectric, the fields are primarily cencentrated in the air
space and an ianstructive cerparisen with the parsilel-wall guide becemes
ressible, Figure 5 shews the cempared strusiures,

The field distributien in the Hoguide with zZere-tnickness slad hms te be
determined first; this is dene by determining the fields ef plmne waves traveling
sleng an infinite dielectric slab and %y the subsequent insertien ef the vertical
walls which then ferm the actusl guide.

The field distributien in air fer PV waves (5,9) (*PM" indicates that the
magnetic field vecter is parsllel te the dielectric slab) is feund frem Maxwell's

equatiens and given by

L Y SRV "
E‘k =--‘:;-§' HO 2 ‘}ya v ! /

[ 43
LM ey = keS
Ee.-' J‘Jgn Hc -~ ’

X H ¢

/o -J Te~

Hy= e 17 ¢ , (11)

The subscripte t and 1 indicate transverse apd lezgitudimal cerponents eof the

fields respectively. The prepagatioen cenctant in tne directien eof wave
prepagatien (s-directien) is KE and the axponential decressze of the fieids abeve

and belew the infinite slab in nepsrs per meler iz d=neted by oy . The field
cevrperents within the dielectric can be dsszribed cerrespsndingly; they are of Wi OF
impertance in the present case, Taking inte =mcceunt tThe beundary cenditiens

on the surfaczs er the gish yields feor the wave parameters
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(9)

k
®y = -g‘!_- fan ky "g*) (11a)
| @
k =k, + ké", (11v)
kf sk, (11c)

where Sr and K, are the relative permittivity and the prepagatien censtant in

the y-directien in the slab respectively, D is the thickness of the slab, and

k0 the phase censtant ef plane waves in air,

If we let &€, beceme very large and appreach infinity, we find frem Egs, (11)

2, &
L o P
E, > 00 k), 2ok, L TV ° (12a)
D &= —f- —» (12v)
2 Ye,
k2 1, (12¢)
2

We ebserve that d} and k& are indefiniite, remain finite, s nd are interrelated

by Eq. (llc). We alse ebserve that the Eqs.(10) mre basically net affected by

the transitien te an infinitely thin slab and remain the same.

At the next step, the siab is placed tetween twe cenducting walls a distance

"a" apart, The waves sre reflected between the walls with the geemetry indicated

in Fig, 6, Superpesitien ef the waves raflected under an angle 9 between the

walls yield then the field distributien *n the serrespanding Heguide,

& We find
Z
H, = Ho ceskx 2 "'9‘}‘1(
Dy o oy ke
Hx ‘JﬁH° Sulx €77 L;)
'’ -y .M,z
€, = ;ﬁén ‘i}“ Hesiwbkxe g9 ? )
w) &0 T o,y k
oy i ¢ e A RN Y
Em ), Mo ms kv 2 )
L oYy ka2
E: r-:! k Fie Sha L'”)f 2 24 iTE
7 ’ ke (13)
¢
and
2 %, Lk P
e = Ky + Ty 4 (14)

K(amVF’/Q.-« ' (15)



(10)

The resulting equatiens centain Ky and kg but sare etherwise independent ef the
thickness of the slab, TFer zere-thickness and infinite 6?’ these quantities
can have any valve as leng as Eqs,(llc) and (14) are satisfied., Cembinatien ef

these equatiens yields
ol y e kx + kz - lfo ' (16)

The expenential decay facter ﬁ& will be used henceferth fer the descriptien eof
the prepagatien characteristics eof the H-guide.

We ebserve that the H-guide becemes a parallel-wall guide as d) appreaches
zere and that the guide wavelength assumes under this cenditien the well knewn
ferm

2 2 M@
0(,:0'," kzO‘(ko k'x) /

se that

2 2 2
d’ R kz - kzo ! (17)

The attenuatien ef the H-guide is ebtained by the equatien
Xy = Pdiss /2 Piraus
frem the pewer dissipated in the walls per unit length in a sectien per unit
height (Pdiss) and frem the pewer carried by the waves in the same sectien ef the
guide, Since all field cempenents decrease expenentially with q& in the y-
directien, the attenuatien becemes independent of the integratien in this directien
and the attenuatien ef a sectien per unit height becemes representative of the

whele guide, Insertien of the field intensities inte the equatiens fer Paiss

and Pirans’

2
Patss = Rs [HZ }x:c )

e *
“—-IE:{HX d)()

ptrans 2
0

yields finally

?, Rg ko kxz

- ' (19)
7a Kk, Kkz:k?

ol



(i1)

It sheuld be neted that the Jerived equastien fer dH can alse be used
fer reugh estimates of the attenuatien in eversized greeve guides fer q << 1l
where the energy transpert eccurs mainly in the upper snd lewer parallel-wall

sectiens of the guide.

COMPARISON OF H-GUIDE ATTENUATION

Fer cemparing the attenuatien ef the zere-thickness H-guide with that ef
ether guides it is practical te cempare it first with that ef the parallel-wall
guide =as an intermediate step. This guide ¢an be used as a reference and the
attenuatien ef ether guides referred te that ef this guide,

The attenuatien ef the H-guide given by Eq.(19) ¢an be transfermed inte
that ef the parallel-wall guide by letting d} sappreach zere, Under this

cenditien kz becemes kzﬂ sccerding te Eq,(17) and we ebtain

ZEE ko kka
Ol ® —— ——— m——
] Za kio ko& (20)

Substitutien ef kz accerding te Eq.(17) inte (19) yieids = medificatien ef this

equatien in the ferm

1= 297~
dy = oty [I+ (a,/ k)] [1+04,/K)°] 5 e

wiere it is expressed in terms of d“ nultiplied by & facter which depends en

the characteristics of the H-guide, These can be degcribed by the twe parameters

.EQL and = -k-
P ko q kzo g
se that dl-q - 0(” F‘(ij) /.

a -
Fpsa)= (1+ %) (13 2],



(12)

where F(p,q) by structure ef the equatien indicates a reductien ef the attenuatien
which is caused by the effects ef the dielectric slab which transferms the psrallel-
wall guide inte an H-guide,

The result is impertant since it centrsmdicts the semetimes heard statement
that the attenuatiens due te wall lesses of beth, H-oguide and parallel-wall
guide, are equal,

The reasen fer the decreszed sttenuatien can be seen by inspectien eof
Eqs(10) ard (13). We ebserve that intreductien ef the dielectric slab aleng
the prepagatien path ef plane waves intredvces a lengitudinal electric field
cempenent EQ (Eqs.(10)) which in 5he cace &f the H-guide becemes the cempenent

E‘2 , this additienal lengitudinal field cempenent can be censidered as the

erigin ;f TM waves net present in the parallel-wall guide which carry additienal
pewer aleng the guide witheut centributing te the wall lesces, These are
caused by the lengitudinal cempenent of the magnetic field intensity Hz which
is related te TE waves only. They remsin, Zrem 8 viewpeint ef a direct
relatienship unaffected by the inftreductien ef the dielectric slab.

The reductien facter F(p,q) is shewn geoapnically in Fig, 7 as a functien ef
»p with qQ as parameter,. The parameter p muy vary beiween zere snd ene feor
practical H-guides and q exceeds ene depending en thre width ef the guide and
wavelength,

Censidering new the attencatien of the eversizeld H-guide mere generally,
the fact that it is smailer than that af the paraliel-wall guide indicates that
it is cenciderably belew that ef the eversized recisrngriar wasveguide where the
upper and Lewer walls centribute Le additienal lesces mnd te increased attenuatien,
It sheuld be neted, hewever K %hat the dieiectric Lesses in the slab were dis-
regarded in an attewpt te derive bauic velstienships, These lesces may offset

the fwpravowents by the bmeic field strusture. Fortaner traje-eff studies are

necessary feor determining the cendiiisns under which %hie esccurs,



Fig.7. Reduction factor of attenuation du=z to

reduced guide wavelength in the ‘-guide.
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CONCLUSIONS

In the present paper apprepriate nermalizatiens were chezen te shew the
effects of the geemetry on the attenuation of eversized rectangular waveguides
and H-guides. One set of parameters in the equatien ef attenustien fer the
rectangular guide has shewn clearly the dependence en width and height wheve
infinitely extended parallel-wall guides were the limiting cacses, Intreductien
of an eversize ratie, OSRIA‘/Az, and ef the aspect ratie yields anether
medified equatien which shews that the attenuatien can be minimized and allews
determinatien of the eptimum geemetry. Diagrams based en these nermelized
equatiens show instructively the effects of geemetry chsnges and the influence
of eversize dimensiens.

The H-guide was censidered under assumptien ef an infinitely thin dielectric
slab with infinite permittivity. This appreach allews & basic cemparisen ef
its attenuatien with that ef the parallel-wall guide as a reference value,

This can be in turn cempared with the values ef eversized rectangular waveguides
censidered in the preceding sectiens, The result is impertant since it clearly
states that the attenuatien due te wall lesces of the H_guide is lewer than

that ef the parallel-wall guide, Censequently it is additienally lewer than
that ef the eversized rectangular guide, It sheuld be neted that the dielectric
lesses in the slab were neglected which cause an increase of the attenuatien,
Mere detailed studies are required fer shewing eptimum geemetries including

the dielectric lescesg,
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